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A 96 GeV Higgs Boson in the N2HDM
Sven Heinemeyer1

1 CSIC (Madrid, ES)

Corresponding Author(s): sven.heinemeyer@cern.ch

We discuss a ∼ 3 σ signal (local) in the light Higgs-boson search in the diphoton decay mode at ∼
96 GeV as reported by CMS, together with a ∼ 2 σ excess (local) in the b ̄b final state at LEP in the
same mass range. We interpret this possible signal as a Higgs boson in the 2 Higgs Doublet Model
with an additional real Higgs singlet (N2HDM). We find that the lightest Higgs boson of the N2HDM
can perfectly fit both excesses simultaneously, while the second lightest state is in full agreement
with the Higgs-boson measurements at 125 GeV, and the full Higgs-boson sector is in agreement
with all Higgs exclusion bounds from LEP, the Tevatron and the LHC as well as other theoretical
and experimental constraints. We show that only the N2HDM type II and IV can fit both the LEP
excess and the CMS excess with a large ggF production component at ∼ 96 GeV. We derive bounds
on the N2HDM Higgs sector from a fit to both excesses and describe how this signal can be further
analyzed at the LHC and at future e+e− colliders, such as the ILC.
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Victoria de Sainte Agathe1

1 LPNHE Paris

Corresponding Author(s): victoria.de.sainte.agathe@lpnhe.in2p3.fr

Just after inflation, due to the coupling between photons and baryons, sound waves were created
and propagated in the primordial plasma until recombination. At that time, these so called Baryonic
Acoustic Oscillations (BAO) left their imprint in the matter distribution. This feature is still measur-
able as a small excess (1%) in the matter 2-point correlation function.
This BAO peak can be measured both transversely and radially. The transverse measurement yields
the ratio of the angular-diameter distance to the sound horizon scale at recombination (da(z)/rs),
while the radial measurement gives access directly to the expansion rate through the quantity H(z)rs.
First detected in the Luminous red galaxy correlation function at redshifts between 0.16 and 0.47 (Ein-
seinstein et al., 2005 and Cole et al., 2005), other matter tracers have since be used to access to other
redshift ranges. The highest redshift measurement has been performed at z = 2.34, using the Lya
forests seen in high redshift quasar spectra.
I will present the latest BAOmeasurement based on Lya forests at mean redshift 2.34 using the SDSS-
IV – eBOSS data. This analysis yields 3.3 % and 4.4 % precision on the measurements of the H(z)rs
and Da(z)/rs respectively.

Author’s Name:

Victoria de Sainte Agathe Author’s Institute:

LPNHE, Paris Author’s e-mail:

victoria.de.sainte.agathe@lpnhe.in2p3.fr Abstract Title:

BAO measurement based on Lya forests Subject:

Astro/Cosmo

Parallel Session Astro+Cosmo / 362

BICEP/Keck

Corresponding Author(s): pryke@physics.umn.edu

Parallel Session QCD+HF / 387

Belle II status and early physics

Corresponding Author(s): aushev@itep.ru

Author’s Name:

Author’s Institute:

Author’s e-mail:

Abstract Title:

Subject:

Parallel Session Higgs+Top+EW / 416

Page 2



Blois 2019: 31st Rencontres de Blois on ”Particle Physics and Cosmology” / Book of Abstracts

Bottom-quark mass effects in electroweak and Higgs processes

Corresponding Author(s): davide.napoletano@ipht.fr

Author’s Name:

Author’s Institute:

Author’s e-mail:

Abstract Title:

Subject:

Parallel Session BSM+DM / 449

Bound states in DM

Corresponding Author(s): julia.harz@tum.de

Parallel Session Higgs+Top+EW / 421

CMS-specific talk (TBC)

Author’s Name:

Author’s Institute:

Author’s e-mail:

Abstract Title:

Subject:

Parallel Session BSM+DM / 370

COSINE-100 dark matter experiment
Kyungwon Kim1

1 Center for Underground Physics, IBS

Corresponding Author(s): kwkim@ibs.re.kr

The COSINE experiment aims at direct detection of Weakly Interacting Massive Particle (WIMP)
using NaI(Tl) detectors, the same target material as the DAMA/LIBRA which claims to observe an
annually modulated WIMP signal. The first phase of the experiment with ~106 kg of NaI(Tl) crystals
consists of several shield structures including a liquid scintillator veto counter and installed at the
Yangyang underground laboratory in Korea. The experiment started physics data taking in late
September 2016 and several WIMP search analyses have been performed based on the 2 keV energy
threshold with about 3 counts/day/kg/keV background rate in a region between 2 and 6 keV. In this
talk, recent results and the prospect of the COSINE-100 experiment will be presented.
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CosmicTauNeutrinos and theAstrophysicalNeutrino FlavorCom-
position
Juliana Stachurska1

1 DESY

Corresponding Author(s): juliana.stachurska@desy.de

The IceCube Neutrino Observatory at the South Pole, which detects Cherenkov light from charged
particles produced in neutrino interactions, firmly established the existence of an astrophysical high-
energy neutrino component. The study of astrophysical neutrinos provides important clues about
cosmic particle accelerators. In particular, the tau neutrino fraction on Earth is directly translatable
to the source flavor composition and can constrain source production mechanisms. Due to the very
prompt decay of the heavy tau lepton most tau neutrino interactions cannot be distinguished from
other flavor neutrino interactions, thus leading to the tau neutrino fraction being largely uncon-
strained. However, in IceCube, ντ -CC interactions above ~ 100 TeV can produce resolvable double
cascades, breaking the degeneracy between νe and ντ present at lower energies. Here I present the
measurement of the flavor composition performed on IceCube’s High-Energy Starting Event sample
with a livetime of about 7.5 years. I will present IceCube’s first two identified double cascades and
discuss the properties of the two ντ candidates.
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1 University of Zurich

Corresponding Author(s): psanchez@physik.uzh.ch

The DARWIN experiment is a proposed next-generation dual-phase time projection chamber which
will operate 50 tonnes of natural xenon and whose primary goal will be to explore the entire exper-
imentally accessible parameter space for WIMPs. Besides its unprecedented sensitivity to WIMPS
above a mass of 5 GeV/c2, such a large detector, with its low-energy threshold and ultra low back-
ground level, will be sensitive to other rare interactions as well. DARWIN will measure low energy
solar neutrinos with a high precision, observe the coherent neutrino-nucleus interaction and detect
galactic supernovae. In addition it will search for axions, axion-like particles and the neutrinoless
double beta decay of 136Xe. We discuss here the concept of DARWIN, the ongoing R&D and the
sensitivity for the different physics channels.
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Corresponding Author(s): carnero@linea.gov.br
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Dark Energy: Theoretical Developments
Corresponding Author(s): lavinia.heisenberg@eth-its.ethz.ch

Parallel Session BSM+DM / 445
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Corresponding Author(s): kovetz@bgu.ac.il
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Directional Dark Matter Search with Nuclear Emulsion
Murat Ali Guler1 ; NEWSdm CollaborationNone

1 Middle East Technical University (TR)

Corresponding Author(s): ali.murat.guler@cern.ch

The NEWSdm experiment, based on nuclear emulsions, is proposed to measure the direction of
WIMP-induced nuclear recoils. We discuss the potentiality, both in terms of exclusion limits and
potential discovery, of a directional experiment based on the use of a solid target made by newly
developed nuclear emulsions and read-out systems reaching sub-micrometric resolution. We also
report results of the test exposure conducted in Gran Sasso last year.

Author’s Name:

NEWSdm Collaboration Author’s Institute:

METU Author’s e-mail:

ali.murat.guler@cern.ch Abstract Title:
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EBL and Star Formation History from Fermi Data

Corresponding Author(s): alberto@gae.ucm.es
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Earth tomography with neutrinos

Corresponding Author(s): sergio.palomares.ruiz@ific.uv.es
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Electromagnetic neutrinos: New constraints and new effects in
oscillations
Студеникин Студеникин Иван Александрович1

1 M.V. Lomonosov Moscow State University (RU)
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Corresponding Author(s): studenik@srd.sinp.msu.ru

Abstract:

We have continued discussions of neutrino electromagnetic properties [1,2] and have performed a
detailed and accurate study [3] of the electromagnetic interactions of massive neutrinos in the the-
oretical formulation of low-energy elastic neutrino-electron scattering.
Using the derived new expression for a neutrino electromagnetic scattering cross section [3],
we obtained [4] a new bound on the neutrino charge radii fromCOHERENT elastic neutrino-nucleus
scattering data. Worthy of note, our paper [4] has been included by the Editors Suggestion to the
Phys.Rev.D “Highlights of 2018”.
A reasonable part of the proposed talk is dedicated to results of our recently performed detailed
studies of new effects in neutrino spin, spin-flavour and flavor oscillations under the influence of
the transversal matter currents [5] and a constant magnetic field [6]. These two effects can be sum-
marized as follows:

1) it is shown [5] that neutrino spin and spin-flavor oscillations can be engendered by weak interac-
tions of neutrinos with the medium in the case when there are the transversal matter currents (for
the appearance of neutrino spin oscillations in this case there is no need either for a neutrino nonzero
magnetic moment or for an external magnetic field); different possibilities for the resonance amplifi-
cation of oscillations are discussed, the neutrino Standard Model and non-standard interactions are
accounted for;

2) within a new treatment [6] of the neutrino flavor, spin and spin-flavour oscillations in the presence
of a constant magnetic field, that is based on the use of the exact neutrino stationary states in the
magnetic field, it is shown that there is an interplay of neutrino oscillations on different frequencies;
in particular: a) the amplitude of the flavour oscillations νLe↔ νLμ at the vacuum frequency is
modulated by the magnetic field frequency, and b) the neutrino spin oscillation probability (without
change of the neutrino flavour) exhibits the dependence on the neutrino mass square difference Δm2
.

The discovered new phenomena in neutrino oscillations should be accounted for reinterpretation
of results of already performed experiments on detection of astrophysical neutrino fluxes produced
in astrophysical environments with strong magnetic fields and dense matter. These new neutrino
oscillation phenomena are also of interest [7,8] in view of future experiments on observations of
supernova neutrino fluxes with large liquid-scintillator detectors like JUNO, for instance.

References:

[1] C. Guinti and A. Studenikin,
“Neutrino electromagnetic interactions: A window to new physics”,
Rev. Mod. Phys. 87 (2015) 531-591.

[2] A.Studenikin,
“Neutrino electromagnetic interactions: A window to new physics - II”,
PoS EPS-HEP2017 (2017) 137.

[3] K. Kouzakov, A. Studenikin,
“Electromagnetic properties of massive neutrinos in low-energy
elastic neutrino-electron scattering”, Phys. Rev. D 95 (2017) 055013.

[4] M. Cadeddu, C. Giunti, K. Kouzakov, Y.F. Li, A. Studenikin, Y.Y. Zhang,
“Neutrino charge radii from COHERENT elastic neutrino-nucleus scattering”,
Phys. Rev. D 98 (2018) no.11, 113010.

[5] P. Pustoshny, A. Studenikin,
“Neutrino spin and spin-flavour oscillations in transversal
matter currents with standard and non-standard
interactions”, Phys.Rev. D98 (2018) no.11, 113009.

[6] A. Popov, A. Studenikin, “Neutrino eigenstates and flavour, spin and spin-flavour oscillations in
a constant magnetic field “, Eur.Phys.J. C79 (2019) no.2, 144.
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Electromagnetic neutrinos in laboratory experiments and astrophysics,
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[8] J.S. Lu, Y.-F. Li and S. Zhou,
Getting themost from the detection of Galactic supernova neutrinos in future large liquid-scintillator
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Author’s Name:

Alexander Studenikin Author’s Institute:

Moscow State University and JINR-Dubna Author’s e-mail:

studenik@srd.sinp.msu.ru Abstract Title:

Electromagnetic neutrinos: New constraints and new effects in oscillations Subject:

Neutrinos

Parallel Session Higgs+Top+EW / 422

Electroweak corrections in Higgs physics

Corresponding Author(s): armin.schweitzer@phys.ethz.ch

Author’s Name:

Author’s Institute:

Author’s e-mail:

Abstract Title:

Subject:

Parallel Session Higgs+Top+EW / 377

Equivalent photons in proton-proton and ion-ion collisions at
the LHC
Evgenii Zhemchugov1 ; Mikhail Vysotsky1

1 Institute for Theoretical and Experimental Physics

Corresponding Author(s): vysotsky@itep.ru, zhemchugov@itep.ru

The LHC can be considered as a photon-photon collider with photons produced in ultraperipheral
collisions of charged particles. Ultraperipheral collision is a kind of collision when the colliding
particles pass at large distance from each other and collide with their electromagnetic fields. The
particles remain intact after the collision. Electromagnetic field of an ultrarelativistic particle can
be represented as a bunch of almost real (equivalent) photons distributed according to a known
spectrum. Thus, ultraperipheral collisions at the LHC are a rich source of events to study γγ →
something reactions.

Photon flux in an ultraperipheral collision is proportional to (Z1Z2)
2 where Z1 and Z2 are charges

of the colliding particles. In this respect collisions of lead ions with Z = 82 look very promising for
the search of New Physics in photon-photon collisions even though the pp luminosity is a lot higher.
However, the invariant mass of the produced system is limited by the maximum momentum of a
virtual photon that the colliding particle can interact with in its reference frame without breaking
apart. For the protons colliding with the energy of 13 TeV, the invariant mass can reach 2.8 TeV,
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while in the case of lead-lead collision with the energy of 5.02 TeV/(nucleon pair) production cross
section falls rapidly after 100 GeV.

Production cross section of ultraperipheral collisions is very sensitive to electromagnetic form fac-
tors of the colliding particles. The data for 208Pb available in the literature is somewhat controversial.
Nevertheless, the calculated production cross section for a pair of muons closely follows the experi-
mental points. Production of muons in proton-proton collisions is described within the experimental
uncertainty.

Ultraperipheral collisions at the LHC can be used to improve limits on supersymmetry in the region
where chargino and neutralino masses are nearly equal. Final state protons can be registered by
the forward detectors (ATLAS Forward Proton Detector or CMS-TOTEM Precision Spectrometer),
and momenta of charginos produced in the collision are known. This information is used to greatly
reduce the background from the Standard Model processes.

The talk is mostly based on the paper arXiv:1806.07238.
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Parallel Session BSM+DM / 372

First Results from the ABRACADABRA-10 cm Prototype
Jonathan Ouellet1

1 Massachusetts Institute of Technology

Corresponding Author(s): ouelletj@mit.edu

The evidence for the existence of Dark Matter is well supported by many cosmological observations.
Separately, long standing problems within the Standard Model point to new weakly interacting par-
ticles to help explain away unnatural fine-tunings. The axion was originally proposed to explain
the Strong-CP problem, but was subsequently shown to be a strong candidate for explaining the
Dark Matter abundance of the Universe. ABRACADABRA is a proposed experiment to search for
ultralight axion Dark Matter, with a focus on the mass range 10−14 < ma < 10−6 eV. We search for
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these axions and other axion like particles (ALPs) through a modification to Maxwell’s equations,
which cause strong magnetic fields to source weak oscillating electrical currents parallel to the field.
In this talk, I will describe the working principle behind the ABRACADABRA experiment, present
the first results from a prototype experiment called ABRACADABRA-10 cm that we have built at
MIT, and discuss prospects for future versions of ABRACADABRA.
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First results of ANAIS-112 on dark matter annual modulation
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; Julio Amare1 ; Maria Martinez1 ; María Luisa Sarsa3 ; Miguel Angel Olivan1 ; Patricia Villar1 ; Susana Cebrian1 ;
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1 Universidad de Zaragoza
2 CIEMAT
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clara.cuesta@cern.ch, maolivan@unizar.es

ANAIS (annual modulation with NaI Scintillators) is a dark matter direct detection experiment lo-
cated at the Canfranc Underground Laboratory (LSC, Spain). Its main goal is to proof or refute in a
model independent way the DAMA/LIBRA positive result: an annual modulation in the low-energy
detection rate compatible with the expected signal induced by WIMPs in the galactic halo. This
signal, observed during more than 20 years, is in strong tension with the negative results of other
very sensitive experiments, but a direct comparison using the same target material (NaI(Tl)) is still
lacking. ANAIS-112, consisting of 112.5 kg of NaI(Tl) scintillators, was installed at the LSC in Au-
gust 2017 and to the date it has accumulated more than 1.5 y of data. In this talk we will present
the annual modulation analysis corresponding to an exposure of 157.55 kgxy and the ANAIS-112
projected sensitivity for the scheduled 5 y of operation.
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Corresponding Author(s): alain.blondel@cern.ch
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Future Hadron Colliders

Corresponding Author(s): heather.gray@cern.ch

The High Energy Universe / 308

Gamma Ray Astrophysics

Corresponding Author(s): emmadeona@gmail.com

Parallel Session BSM+DM / 448

General bounds on Conformal Dark Sectors

Corresponding Author(s): kevin.max@sns.it

I present the most general bounds one can make on the phenomenology of hidden sectors with
conformal symmetry, which are weakly coupled to the SM.Without the need to specify their particle
or symmetry content, we have derived a consistent description of final states in a generic CFT, and
have applied it to current experimental runs. Our analysis covers a wide range of phenomena: we
investigate collider searches (LEP, LHC run 2), a number of low-energy experiments, and effects on
cosmology and astrophysical objects. The combined results form a guide to model building with
conformal sectors.
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H0liCOW: Hubble constant measurements
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HAWC: Results and Prospects
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Hadron spectroscopy at BESIII
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Heavy Flavour Results from the Tevatron
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Author’s Name:

Author’s Institute:

Author’s e-mail:

Abstract Title:

Subject:

The Higgs Boson / 323

Higgs Couplings and Properties
Corresponding Author(s): marco.delmastro@cern.ch

The Higgs Boson / 330

Higgs and Cosmology
Corresponding Author(s): oleg.lebedev@helsinki.fi

Author’s Name:

Author’s Institute:

Author’s e-mail:

Abstract Title:

Subject:

Parallel Session QCD+HF / 401

Higgs boson pair and H+jet production
Corresponding Author(s): mkerner@physik.uzh.ch

Author’s Name:

Author’s Institute:

Author’s e-mail:

Page 15



Blois 2019: 31st Rencontres de Blois on ”Particle Physics and Cosmology” / Book of Abstracts

Abstract Title:

Subject:

Parallel Session Higgs+Top+EW / 425

Higgs-boson measurements in ttH production in ATLAS

Corresponding Author(s): richard.polifka@seznam.cz

Author’s Name:

Author’s Institute:

Author’s e-mail:

Abstract Title:

Subject:

Parallel Session Higgs+Top+EW / 424

Higgs-boson properties in CMS

Corresponding Author(s): alessandro.calandri@cern.ch

Author’s Name:

Author’s Institute:

Author’s e-mail:

Abstract Title:

Subject:

Parallel Session Higgs+Top+EW / 423

Higgs-boson transverse momentum

Corresponding Author(s): christopher.wever@kit.edu

Author’s Name:

Author’s Institute:

Author’s e-mail:

Abstract Title:

Subject:

Parallel Session QCD+HF / 404

Page 16



Blois 2019: 31st Rencontres de Blois on ”Particle Physics and Cosmology” / Book of Abstracts

Highlights fromheavy-flavormeasurementswithALICE inheavy-
ion collision
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Highlights from theVERITASRadioGalaxyObservationProgram

Lucy Fortson1

1 University of Minnesota

Corresponding Author(s): lffortson@gmail.com

The VERITAS observatory is a ground-based air Cherenkov telescope array that detects very-high-
energy gamma-ray emission (VHE;>100 GeV) from a range of astrophysical sources including nearly
40Active Galactic Nuclei (AGN).The vastmajority of these AGN are blazars where relativistic plasma
jets aligned within a few degrees to our line of sight cause the observed radiation to be highly
Doppler boosted. Radio galaxies are AGN with jets viewed at systematically larger angles to the
line of sight, making these objects more challenging to detect in VHE gamma rays. Nevertheless, a
few radio galaxies are detected in the VHE including M 87 and Centaurus A, opening a new angle
into investigating non-thermal processes in large-scale structures of AGN. To gain further insights,
the VERITAS Collaboration has carried out an effort over the past several years to monitor known
sources as well as detect additional examples of radio galaxies. This presentation will highlight
several of our recent results including the analysis of the NGC 1275 flares detected by VERITAS in
October 2016 and January 2017 as well as the discovery in March 2018 of 3C 264, the most distant
radio galaxy yet detected in VHE.
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KM3NeT-ORCA: Oscillation Research with Cosmics in the Abyss

Luigi Antonio Fusco1

1 APC

Corresponding Author(s): lfusco@bo.infn.it

KM3NeT is a distributed research infrastructure in the Mediterranean Sea that will host a gigaton-
scale neutrino telescope (ARCA) for high-energy neutrino astronomy, and a megaton-scale detector
(ORCA) for neutrino oscillation studies with atmospheric neutrinos. ORCA is optimised for de-
termining the neutrino mass ordering (NMO) by observing matter effects in atmospheric neutrino
oscillations, providing a sensitivity to the NMO of approximately 3σ after 3 years of operation with
the full detector. It will also measure the atmospheric mixing parameters Δm232 and θ23 using
both the muon neutrino disappearance and tau neutrino appearance channels. Determining the tau
neutrino appearance probability with unprecedented precision will provide for a powerful test of
the unitarity of the 3-flavour mixing matrix. The observation of neutrino oscillations over a wide
range of baselines and energies will provide broad sensitivity to new physics such as non-standard
neutrino interactions (NSI) and sterile neutrinos.
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LatestResults from theANTARESNeutrinoTelescope andProspects
for KM3NeT-ARCA
Giulia Illuminati1

1 IFIC

Corresponding Author(s): giulia.illuminati@ific.uv.es

The search for astrophysical neutrinos in the TeV-PeV range is among the primary goals of under-
water neutrino telescopes like ANTARES and KM3NeT. The first significant evidence of a cosmic
diffuse flux of high-energy neutrinos together with the first identification of a neutrino source, TXS
0506+056, reported by the IceCube collaboration, represented a crucial step forward in the field of
neutrino astronomy. ANTARES, located in the Northern hemisphere, with an excellent visibility of
the Galactic Plane, and with a very good angular resolution, is well suited to set already valuable
constraints on the origin of the cosmic IceCube flux. The future KM3NeT telescope, and in partic-
ular its high-energy component, KM3NeT-ARCA, currently being deployed in the Mediterranean
Sea, will combine a cubic kilometre-sized detector with the same high visibility towards the Galactic
Centre as ANTARES. It is expected to detect the neutrino flux reported by IceCube and it will be
able to make definite statements about a neutrino flux from several Galactic candidates. Here, the
latest results of the ANTARES neutrino telescope are presented, focusing on searches for neutrinos
from diffuse fluxes, point-like sources, dark matter together with multi-messenger analyses. More-
over, the expected performances of the future high-energy neutrino detector, KM3NeT-ARCA, are
discussed.
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1 Sorbonne Université, LPNHE

Corresponding Author(s): jzopouni@lpnhe.in2p3.fr

Observations at astronomical and cosmological levels suggest the existence of a new form of non-
luminousmatter that interacts gravitationally with baryonicmatter. TheXENON1T detector, located
at the underground National Laboratory of Gran Sasso in Italy, was designed and built to detect
nuclear recoils from particles that may constitute the nature of this Dark Matter, their existence
emerging in theories beyond the Standard Model under the generic name of Weakly Interacting
Massive Particles (WIMPs). Using a 2t of ultra-pure liquid Xenon as target mass, this double phased
TPC which was operational from late 2016 to 2018, after a 1 t× yr exposure, exhibiting an ultra-low
electronic recoil background, did not observed a significant excess of the number of events over
the expected background, thus achieving to provide the most stringent limit, to date, on the WIMP-
nucleon spin-independent elastic scattering cross-section for WIMP masses above 6 GeV/c2.
In this talk I will present an overview of the XENON1T experiment, its latest results, as well as
the prospects for its immediate upgrading, the XENONnT detector that is expected to increase the
sensitivity by more than one order of magnitude.
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Light meson spectroscopy at BESIII

Xiaoshuai QinNone

Corresponding Author(s): xqin@ep1.rub.de

The BESIII experiment runs in the tau-charm mass region and has collected the world’s largest sam-
ples of J/ψ events, which is an ideal laboratory to study light hadron spectroscopy and search for
exotic hadrons. In this talk, recent BESIII progresses in this field are presented.
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Lithium molybdate scintillating bolometers for double beta de-
cay
Claudia Nones1 ; The CUPID-Mo collaborationNone

1 IRFU/DPhP

Corresponding Author(s): claudia.nones@cea.fr

The LUMINEU project has recently set up a technology for the development
of high-performance scintillating bolometers containing the nuclide
100Mo, in the framework of the R&D activities towards the proposed
tonne-scale neutrinoless double beta decay experiment CUPID. Using in
particular Li2100MoO4 detectors, high energy resolution (5-6 keV FWHM at
2615 keV), excellent alpha background rejection (>99.9%) and extreme
radiopurity (below 0.005 mBq/kg U/Th intrinsic activity) have been
demonstrated in multiple tests with remarkable reproducibility.
Moreover, with only 0.1 kg x y of 100Mo exposure, the measured
two-neutrino double beta decay half-life is one of the most precise
values ever reported. As a follow-up of this activity, a demonstrator
named CUPID-Mo is collecting data in the Modane underground laboratory
in France. CUPID-Mo consists of twenty 0.2-kg 100Mo-enriched Li2MoO4
scintillating bolometers (containing more than 2 kg of 100Mo) to be
operated for at least 0.5 yr, providing a sensitivity to 100Mo larger
than 10^24yr. CUPID-Mo is a very important demonstrator for the
implementation of CUPID, as the CUPID-Mo detectors follow closely the
configuration chosen for the baseline of CUPID.
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approach
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In order to further consolidate the present knowledge of the
Standard Model and to look for deviations from its predictions
that would signal new physics effects a new generation of
hadron-hadron or electron-position colliders is put forward.
However also the idea of a muon collider seems to be attractive
because such a machine would provide the high centre of mass
energy typical of a hadron-hadron machine in the clean experimental
environment typical of an electron-position machine.
Hence the muon collider can serve as a Higgs factory, can
explore the multi-TeV frontier and can be used to investigate rare
muon processes, including any process related to lepton universality
violation in the muon sector.
Clearly the muon collider has to face quite a few challenges.
One of these is the production of a low emittance muon (antimuon)
beam to be fed into a suitable accelerator complex.
Recently the idea of getting such muons (antimuons) from collisions
of an about 45 GeV low emittance positron beam on a fixed target
has been put forward. The 45 GeV incident positron energy is chosen
because it corresponds to the energy threshold of the process
e+ e- → mu+ mu-
which, at threshold, should give the wanted muon (antimuon) low
emittance particles flux.
The experimental proof of this expectation is the goal of the
Low EMittance Muon Accelerator (LEMMA) collaboration who carried
out in Summer 2017 and Summer 2018 dedicated tests with a 45 GeV
positron beam at the CERN H4 (2017) and H2 (2018) experimental areas.
These tests were based on a silicon telescope setup complemented
by a dipole magnetic field, muon chambers and a set of calorimeters,
to tag electrons and positrons.
The ultimate goal of the LEMMA collaboration is the measurement of the
emittance of the produced muon (antimuon) particles flux and
of the corresponding cross section at threshold.
A description of the muon collider project and of the reaches
in terms of physics will be given first.
Then the concepts and the experimental setup used for the 2017
and 2018 emittance test beams will be presented together with
a summary of the results reached so far.
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On the sensitivity of direct detection experiments tomulti-component
dark matter.
Andre ScaffidiNone
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The Weakly Interacting Massive Particle or ‘WIMP’ has been a widely studied solution to the dark
matter problem. A plausible scenario is that DM is not made up of a single WIMP species, but that it
has a multi-component nature. In this talk I give an overview of recently published work in which
we studied direct detection signals in the presence of multi-component WIMP-like DM. I will give
an overview of the smoking gun signature of two-component dark matter, as well as give a detailed
explanation of the statistical methods used to forecast a signal in future generations of direct detec-
tion detectors. The two main avenues for forecasting that I will present involve a) discriminating
between the one and two-component hypothesis and b) parameter reconstruction. I will also present
an example of a minimal extension to the general model independent two-component phase space
by introducing constraints from thermal freeze out. To conclude I will show our latest results from a
two-component fit to the latest DAMA/LIBRA phase-2 results and discuss the issues and limitations
one faces when taking into account corrections from gravitational focusing.
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With the goal of increasing the precision of NLO QCD prediction for pp -> ttA in the dilepton decay
channel we study cross section ratios. Our analysis is based on fully realistic matrix elements includ-
ing off-shell effects and interferences between resonance and continuum contributions. Focusing on
the LHC at 13 TeV we present numerical results for inclusive and differential ratios and a detailed
study of theoretical uncertainties stemming from renormalization/factorization scales as well as the
impact of the parton distribution functions.
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The EDELWEISS collaboration is performing direct searches for light Dark Matter particles using
cryogenic germanium detectors equipped with a charge and thermal signal readout. This versatile
and highly performing technology opens new possibilities for searches for signals involving either
electrons or nuclear recoils. This is attested to by results on Axion-Like Particles in the keV range,
and by the attainment of the first sub-GeV spin-independent darkmatter limit based on a germanium
target. The search has been extended to Strongly Interacting Particles (SIMP) down to 45 MeV by
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exploiting the Migdal effect. New results on SIMPs with spin-dependent interactions will also be
presented.
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Search for eV Sterile Neutrinos – The STEREO Experiment
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In recent years, major milestones in neutrino physics were accomplished at nuclear reactors: the
smallest neutrinomixing angle θ13 was determinedwith high precision and the emitted anti-neutrino
spectrum was measured at unprecedented resolution. However, two anomalies, the first one related
to the absolute flux and the second one to the spectral shape, have yet to be solved. The flux anomaly
is known as the Reactor Antineutrino Anomaly (RAA) and could be caused by the existence of a light
sterile neutrino eigenstate participating in the neutrino oscillation phenomenon. The RAA is best
explained by an oscillation with parameters sin2(2θee) = 0.14 and ∆m2

41 = 2.4 eV2.

The STEREO experiment was built to probe this parameter region. It is one of the first running ex-
periments built to search for eV sterile neutrinos and takes data since end of 2016 at ILL Grenoble
(France). At a short baseline of 10 metres, it measures the anti-neutrino flux and spectrum emitted
by a compact research reactor. The segmentation of the detector in six cells allows for independent
measurements of the neutrino spectrum at multiple baselines. An active-sterile flavour oscillation
could be unambiguously detected, as it distorts the spectral shape of each cell’s measurement differ-
ently. In 2018, STEREO was able to exclude significant part of the parameter space with its first data
set of 66 (138) days reactor-on (off) data.

In this contribution, an overview on the STEREO experiment will be given. Furthermore, updated
results with the new increased dataset of 185 (233) days of reactor-on (off) will be presented.
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The GERDA experiment searches for the neutrinoless double beta decay (0νββ) of 76Ge. It uses
HPGe detectors enriched in the isotope 76Ge, which are directly immersed into liquid argon (LAr).
In Phase II, the radio-pure cryogenic liquid acts not only as cooling medium for the detectors and
passive shielding but also as active shielding. Due to the active veto system detecting LAr scintil-
lation light, the superior energy resolution and an improved background recognition, already the
initial release of Phase II showed a background rate in the energy region of interest (ROI), after
pulse shape discrimination and liquid argon veto cuts, in the range of a few counts/(ROI·ton·yr).
This made GERDA the first 0νββ experiment being background free up to its design exposure of 100
kg·yr.
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With the latest data release in mid 2018, comprising a total exposure of 82.4 kg·yr, GERDA remained
in the background free regime. It is the first experiment to surpass a median sensitivity on the half-
life of 1026 yr for 0νββ decay. No signal has been observed and a lower limit of 0.9 · 1026 yr (90 %
C.L.) has been derived. Meanwhile the experiment has been upgraded by deploying also a new type
of germanium detector and by improving the LAr instrumentation. In this talk we will present the
basic concept of the GERDA design and the present physics results. Moreover, we will focus on the
background contributions at Qββ . Results on the performance of the upgraded experimental setup
will be discussed.
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I review implications of the Higgs boson properties for dark matter, inflation
and baryogenesis.
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The Neutrino Experiment with a Xenon TPC (NEXT) will search for the neutrinoless double beta
decay of Xe-136 using a high-pressure xenon gas time projection chamber. This detector technology
offers several key advantages, including excellent energy resolution and powerful event classifica-
tion based on track topology.
After reviewing the fundamentals of the experiment, this talk will highlight recent results from the
NEXT-White prototype, which has been acquiring data at the Laboratorio Subterráneo de Canfranc
(LSC), in Spain, for the last 3 years, showing excellent performance. Wewill discuss as well the status
and prospects of the upcoming NEXT-100, expected to start its operation in early 2020.
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The BICEP/Keck series of experiments are small aperture
refracting telescopes designed to measure the polarization pattern
of the Cosmic Microwave Background at degree angular scales.
The latest BK15 results use measurements at 95, 150 and 220GHz,
in conjunction with additional bands from WMAP and Planck,
to constrain the foreground signal and set the limit r<0.07
(95% confidence). I will describe the current intruments, data and
analysis, and also the major BICEP Array upgrade which
is projected to reach sensitivity of σ(r) ∼ 0.003
within the next five years.
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The quantized black hole as a theoretical laboratory
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Einstein’s theory of General Relativity gives a description of the gravitational force that has been
checked accurately for large systems such as planets and stars. However, it should also be valid at
the scale of single atoms and molecules. A serious complication however is that these tiny particles
behave in accordance with the laws of quantum mechanics, and while these laws are understood
when applied to electricity and magnetism, the gravitational force here seems to be mysterious. To
investigate the situation further, theoreticians consider the most extreme configurations of space
and time that follow from General Relativity: black holes. We have the Schroedinger equation for
the elementary particles. What is the Schroedinger equation for a black hole?

Space and time are dynamical entities; do they follow wave equations?

We cannot do experiments with real black holes since all known black holes are large and very far
away, and so we are forced to do these experiments in our imagination. But we can investigate the
internal logic when we attempt at writing universal equations, but these give rise to fierce discus-
sions.
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Einstein’s theory of General Relativity gives a description of the gravitational force that has been
checked accurately for large systems such as planets and stars. However, it should also be valid at
the scale of single atoms and molecules. A serious complication however is that these tiny particles
behave in accordance with the laws of quantum mechanics, and while these laws are understood
when applied to electricity and magnetism, the gravitational force here seems to be mysterious. To
investigate the situation further, theoreticians consider the most extreme configurations of space
and time that follow from General Relativity: black holes. We have the Schroedinger equation for
the elementary particles. What is the Schroedinger equation for a black hole?

Page 37



Blois 2019: 31st Rencontres de Blois on ”Particle Physics and Cosmology” / Book of Abstracts

Space and time are dynamical entities; do they follow wave equations?

We cannot do experiments with real black holes since all known black holes are large and very far
away, and so we are forced to do these experiments in our imagination. But we can investigate the
internal logic when we attempt at writing universal equations, but these give rise to fierce discus-
sions.
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Theoretical uncertainties in the W-boson mass determination at
hadron colliders
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The high-precision measurement of the W-boson mass (MW) offers the possibility of a stringent test
of the Standard Model of the electroweak and strong interactions. The uncertainty of the current
world average for MW is 0.2 per mille and the ATLAS and CMS collaborations at CERN are planning
to measure MW reaching a final error of 15 MeV or eventually 10 MeV: such a precision requires a
careful assessment of the theoretical systematics affecting theW-bosonmassmeasurement at hadron
colliders. The main sources of theoretical uncertainties are discussed focusing in particular on the
electroweak and mixed QCD-electroweak effects.
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The main motivation to search for solar flare neutrinos comes from their hadronic origin. Being
inherent products of high-energy proton collisions with the chromosphere, they represent a direct
probe of the protons accelerated towards the Chromosphere. Using a multi-messenger approach
combining neutrinos and gamma rays, it is therefore possible to constrain the proton acceleration
taking place in solar flares, especially the spectral index of the accelerated flux and its shape.

We present the results of the first search for GeV neutrinos emitted during solar flares carried out
with the IceCube Neutrino Observatory. Originally designed to detect 10 GeV - TeV neutrinos, a new
approach allowing to strongly lower the energy threshold of IceCube will be presented. We compare
the results with theoretical estimates of the corresponding flux. We then discuss the prospects for
the next solar flare cycles, for which KM3NeT, being currently deployed in the Mediterranean Sea,
will be able to join IceCube in constraining/observing the solar flare neutrino flux. We present
several analyses that can be performed using the KM3NeT detector in view of studying this flux. As
a conclusion, we sketch the interest of combining KM3NeT and IceCube data in a solar flare neutrino
search.
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With its unique data samples at energies of 3.8–4.6 GeV, the BESIII experiment made a significant
contribution to the study of charmonium and charmonium-like states, i.e., the XYZ states. A large
number of Z states has been discovered in charmonium and open-charm decays. Isospin triplet
has been established for all the decays, while the quantum number of them has been measured in a
couple of channels. New Y states have been observed in several decays with some puzzling behavior,
while there is a hint of a strong connection between X,Y states and radiative decays.
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